In this paper, the effective capacitance between the origin (0, 0, 0) and any other lattice site (l 1 , l 2 , l 3 ), in an infinite simple cubic (SC) network consisting of identical capacitors each of capacitance C, has been expressed rationally in terms of the known value go and π. The asymptotic behavior is also investigated, and some numerical values for the effective capacitance are presented.
Introduction
Analysis of electric networks that are composed of identical resistors attracts the attention of both physicists and electrical engineers. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The main problem is to find the equivalent resistance between two different sites. One can see from previous studies that perfect and perturbed networks have been studied well for different lattices.
On the other hand, the calculation of the effective capacitance in infinite networks consisting of identical capacitors is of the same interests, as calculation of equivalent resistance. Little attention has been paid on this problem. In a previous work, we used the lattice Green's function (LGF) method to study the effective capacitance in both the perfect and perturbed infinite square network consisting of identical capacitors. [18] [19] [20] Later on, we used the superposition method which is based on charge distribution to calculate the effective capacitance in both an infinite perfect square and simple cubic (SC) network consisting of identical capacitors.
21,22
The results obtained using these two methods where in excellent agreement. The LGF plays an important role in the theory of condensed matter physics. It was a field of interests for many years. The LGF for cubic lattices has been investigated by many authors, [41] [42] [43] [44] [45] [46] [47] [48] and the so-called recurrence formulae which are often used to calculate the LGF of the SC at different sites are presented.
44,45
The values of the LGF for the SC lattice have been recently exactly evaluated,
38
where these values are expressed in terms of the known value of the LGF at the origin. The LGF defined in our work is related to the Green's function (GF) of the tight-binding Hamiltonian (TBH).
30
The outline of this work is oriented as follows. In Sec. 2, some basic definitions are introduced. In Sec. 3, an application to the LGF of the SC network has been applied to calculate the effective capacitance between the origin and any lattice site (l 1 , l 2 , l 3 ) in the infinite SC network. We close this work (i.e. Sec. 4) with a discussion to the results obtained in this study.
Basic Definitions and Preliminaries
First of all, consider an infinite d-dimensional network consisting of identical capacitors each of capacitance C and assuming that all lattice points are specified by the position vector 
For such an infinite network the effective capacitance between the origin and any other lattice site (l 1 , l 2 , . . . , l d ) reads:
On the other hand, the LGF for a d-dimensional hypercube has the following form:
Now, the energy dependent LGF of the tight-binding Hamiltonian defined for a SC lattice is defined as:
This is a generalization of the LGF defined above where we introduced a new variable E instead of the value 3 in the denominator in Eq. (3) for d = 3.
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Infinite Simple 3D Cubic Network of Identical Capacitors
The LGF for the infinite SC at the origin (i.e. G(3; 0, 0, 0) = g o ) was first evaluated by Watson 40 where he expressed it in a closed form in terms of elliptic integrals as:
where K(k o ) is the complete elliptic integral of the first kind and k o is its modulus
). Finally, the LGF for the infinite SC network has been expressed rationally in terms of the known value g o and π as:
Application: Infinite SC Network of Identical Capacitors
In this section, we will apply the main results mentioned in Sec. 2 to the infinite SC network which consists of identical capacitors each of capacitance C. In this case d = 3, so the position vector becomes:
Using Eq. (2) above, the effective capacitance, in the infinite SC network, between the origin (0, 0, 0) and any other lattice site (l 1 , l 2 , l 3 ) reads:
We can easily calculate the exact value of the effective capacitance between two adjacent lattice sites, in the infinite SC network, from the above equation (due to symmetry reason) as:
Therefore, the effective capacitance between adjacent sites is 3C. A similar result was obtained using charge distribution method.
22
Now, comparing Eq. (8) with Eq. (4) for E = 3, the effective capacitance in the infinite SC network, between the origin (0, 0, 0) and any other lattice site (l 1 , l 2 , l 3 ), can be written as:
Finally, making use of Eqs. (6) and (10), one gets: where σ 1 , σ 2 and σ 3 are rational numbers related to Duffin and Shelly's 38 parameters λ 1 , λ 2 and λ 3 as:
Various values for σ 1 , σ 2 and σ 3 can be obtained from Table 1 38 for (l 1 , l 2 , l 3 )
ranging from (0, 0, 0)-(5, 5, 5).
We calculated different values of σ 1 , σ 2 and σ 3 for the sites from (6, 0, 0)-(6, 5, 5) using the following recurrence relation:
Here E represents the energy.
To study the asymptotic behavior of the effective capacitance -as the separation between the origin and the site (l 1 , l 2 , l 3 ) goes to a large value or infinity -in this case [from Eq. (10)], the effective capacitance goes to a finite value. To explain this point, we note that from the theory of Fourier series (Riemann's Lemma) that lim n→∞ b a Φ(x) cos nxdx → 0 for any integrable function Φ(x). Thus, G(l 1 , l 2 , l 3 ) → 0 (corresponding to the boundary condition of Green's function at infinity), and as a result Eq. (10) becomes:
When any of l 1 , l 2 , l 3 → ∞.
Results and Discussion
We have expressed the effective capacitance between the origin (0, 0, 0) and any other lattice site (l 1 , l 2 , l 3 ), in an infinite SC network consisting of identical capacitors each of capacitance C, rationally in terms of the known value g o and π. The effective capacitance is plotted against the lattice site, and from the figures shown the effective capacitance in the infinite SC network is symmetric under the
) which is expected due to the inversion symmetry of the perfect infinite network. The calculated effective capacitance in an infinite SC network has been plotted in Fig. 1 against the site (l, 0, 0) . While in Fig. 2 , the calculated effective capacitance has been plotted against the site (l, l, l). From these figures, it is clear that the calculated effective capacitance is symmetric. This is due to the fact that the infinite SC network itself is symmetric and in addition the fact that the LGF is an even function.
It also clear from the two figures that as the separation between the two sites increases then the calculated effective capacitance approaches a finite value as shown in Eq. (14) above.
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